On the basis of decades of field observations and multidisciplinary research, in particular directed at species of Araceae exhibiting rheophytism, we offer an overview of morphological diversity among the more than 130 aroid species so adapted on Borneo. Based on a combination of morphological and concomitant ecological occurrence, a preliminary scheme of subcategories of van Steenis' "rheophytic landplants" is outlined with the purpose of encouraging study to better understand the impetus of obligate rheophytic aroids' evolution. It is hoped that the proposed subcategories will encourage targeted research with abundant field-based observations. Criticism is directed at the current demand by scientific journals that computer algorithm-generated statistical 'proof' be provided for all observational life science writing and further insisting that all such observations be linked to a 'big picture' by comparison within the context of a global perspective, preferably incorporating whatever themes are currently fashionable in the field. Such requirements discourage researchers, and particularly students, from undertaking purely observational research, and effectively result in the suppression of publication of vital observational data while encouraging publication of statistically well-supported biological nonsense.
Introduction
Predictably it was the ever-observant H.N. Ridley (1855 Ridley ( -1956 who first drew notice to the existence of riverbank and streambed plants in Peninsular Malaysia with narrow leaf blades morphologically well-suited to sudden rises in and buffeting by flood waters associated with rain storms (Ridley, 1893: 269-270) . Later, the famed Italian botanist-explorer Odoardo Beccari (1843 Beccari ( -1920 made comparable observations in Borneo, seemingly independently of Ridley (or at least without citing him) and employed, as did Ridley albeit indirectly, the term stenophyllous (stenofillìa in Beccari's original Italian) for the life-form (Beccari, 1902 (Beccari, : 412-413, 523-525, fig.65 & 1904 fig.51 ). Other early observations on Bornean rheophytes are exceed the corresponding quotients of rheophytic aroids (genera and species) of any other place on earth, and although we do not have precise figures readily to hand, owing to there being almost no reliable published accounts for the rheophytic flora of the rest of Asia, [the sole exceptions being Hay (1990 Hay ( , 1999 for New Guinea, and Puff & Chayamarit (2011) for Thailand], we consider it highly improbable that any plant family has a greater proportion of obligate rheophytes on Borneo, or elsewhere come to that, than do the aroids. In Asia the next richest (if that term may be employed for what is, compared to Borneo, a vanishingly small proportion of the total number) areas in terms of rheophytic aroids are Sumatera [one obligate rheophytic genus, 
Schismatoglottideae
Had this essay been written shortly after publication of the last monographic treatment of the Schismatoglottideae (Hay & Yuzammi, 2000; Bogner & Hay, 2000) we would have likely recognised only five genera in which some or all species are rheophytic ⎯ Aridarum Ridl., Bucephalandra Schott, Phymatarum M.Hotta, Piptospatha N.E.Br. , and Schismatoglottis. Subsequently, it has become evident (see Low et al., 2018 ) that over-reliance on 'characters' such as 'thecae horns' (straight, curved or hooked horn-like, peg-like or needle-like extensions of the thecae through which the pollen is expressed), and 'excavated stamens' (variously hollowed or elaborated connective and filament tissues), has resulted in heterogeneous genera. This became ever more apparent as extensive fieldwork revealed a wealth of undescribed species that challenged taxonomic placement into pre-existing genera, ultimately forcing reexamination of the generic boundaries proposed by Bogner & Hay (2000) .
Although we frequently despair at the slavish acceptance of phylogeny reconstructions resulting from 'molecular' analyses that pervades much of biological sciences, we nevertheless recognise that the approach does provide a convenient means to generate taxon groupings independently of morphological characteristics, enabling the occurrence and distribution of morphological features to be better examined ('mapped' in the cladists' terminology) unbiased by pre-conceived perceptions of homology, and permitting insights into potential homoplasy and the reliability, or otherwise, of the morphologies used to define species groupings. Investigation of Schismatoglottideae in this manner (Low et al., 2011 (Low et al., , 2014 Ting et al., 2012) made it plain that not only are many of the hitherto unchallenged floral 'characters' used in Schismatoglottideae genera unreliable, they are also gravely misleading when examined in isolation rather than as part of, and in the context of, the entire floral structurethe 'thecae horns' and 'excavated stamens' mentioned earlier being among the worst examples, but others exist. Furthermore, Schismatoglottideae abounds with subtle floral morphologies obscured by much of the previous taxonomic work having been largely undertaken, by necessity, from preserved specimens in which detail was difficult to observe. Our ready access to plants in their habitat and to an extensive cultivated collection has been pivotal in making progress in the tribe with one of the most important contributions provided by observing plants flowering in situ and being able to witness the roles of the various parts of the bloom and their interactions with pollinators.
To take complex and functionally often subtle floral biology observations as an example, it verges on tragic that, while so critical to better understanding the functions of the various parts of the bloom and the means by which the senescence mechanics (e.g., plays a role in managing pollinator movement, in the current climate of scientific journals demanding computer algorithm-generated 'proofs' of multiple data sets, observational data are frequently deemed unsuitable for publication without data-massaging, even when unsuited to that process. This, coupled with a pervasive editorial requirement for statistically 'proving' complex observations, overlooks the fact that in the forested wet tropics a species population, not infrequently the only known population, often contains fewer than 10 mature individuals and is quite unsuitable for statistical analysis. It is sobering to consider that had such publication constraints been applied when Ridley (1890 Ridley ( , 1904 , Van der Pijl (1937) , Van der Pijl & Dodson (1966) , Dressler (1968) , and to take more recent examples from the aroids, Young (1986 Young ( , 1988a and Beath (1996 Beath ( , 1999 , produced what remain cornerstones in their respective fields, it is almost guaranteed that these papers would not have been accepted for publication. It is encouraging to perceive the first glimmers of caution from within the scientific community (Amrhein et al., 2019) about over-reliance on statistical analyses and the innate risk that illogical results, with good statistical 'support' may convince referees unfamiliar with the group under discussion.
Another benefit of an active field programme is that by considerably enlarging the number of known species, notably Bucephalandra , 2016a Wong et al., 2018) and Aridarum sensu Bogner & Hay (2000) Wong et al., 2012 Wong et al., , 2014a Boyce & Wong, 2013a) , we are in a better position to map and evaluate the distribution of species groups (and ultimately genera) and generate biogeographical and ecological data to supplement the understanding of shared morphologies that the molecular analyses enabled. Together these factors need to be employed in understanding rheophytism, an ecological niche that inevitably favours species with syndromes of morphological adaptations fundamental to their survival but which outwardly easily lure the observer into considering the peculiarities as homologous similarities whilst forgetting the environment that set in motion the favouring of these morphologies in the first place and all the more so when working on preserved material far-removed from the habitat in which it was gathered (and, as so often the case, with minimal observational notes to augment understanding).
Bornean aroid rheophyte richness
Why does Borneo support the so extraordinarily rich and diverse rheophytic aroid flora outlined above, and why are so many rheophytic aroid species so highly localised? In many instances species (and some genera) are known from a single locality wherein it is impossible to walk without stepping on the plants ⎯ Bakoa lucens 
River basins
When plants are closely associated with rivers and streams it is reasonable to consider the possibility that species and species group distributions will be linked to river basins. The only pollen-flow paper ever published for Asian rheophytic aroids (Mori & Okada, 2001) presents reliable evidence that pollen flow is restricted within a localised population of a rheophytic species (in this instance Sumatran Furtadoa sumatrensis M.Hotta) with the result that different populations in adjacent river systems remain genetically distinct. This situation provides some substance to the possibility that the conditions to drive multiple speciation (in this instance localised in-breeding) are in place. The problem on Borneo is that none of the distributions of multi-species genera accord convincingly with river basins, and even the few species with extensive enough distributions to be usefully considered as candidates for river basin pattern distribution do not stand close scrutiny. For example Phymatarum borneense M.Hotta, the sole species of its genus, is a common and locally abundant species along a considerable area of the north coast of Borneo, from the Tatau basin of central north Sarawak to the extremity of the south west of Sabah, on the way extending through more than a dozen river basins, 11 alone in Sarawak ( (Fig. 1) , which present evidence that the current accepted western boundary of the Rejang basin with its continuity with the Kanowit and Song river valleys and into the Krian, Saribas and Lupar basins does not at all reflect the mesophyte and rheophyte biogeography of the region (Low et al., 2011) .
Other examples of widespread species that fail to remain in a single basin are Rhaphidophora typha P.C.Boyce and R. beccarii, with the second extending throughout western Sunda as far east as the Lupar Divide, after which it is replaced with R. typha until Brunei, and thereafter R. fluminea Ridl., the last named being a point endemic at Bongaya (Tongkul, 1991) .
Geology
Borneo has one of the most complex surface geologies of anywhere in tropical Asia (Tate, 2001) While most of the exposed ultramafics are in Sabah, where the more seasonal climate may well be a factor in the overall less rich aroid flora as compared with the remainder of Borneo, Sabah remains one of the least well explored parts of northern Borneo, and it is equally likely that the seeming paucity may well be at least in part an artefact, as suggested by perusal of herbarium specimens in SAN which seemed to include at least two further ultramafic-associated species, sadly inadequately preserved to permit naming.
Including Bucephalandra muluensis, just four limestone-favouring (or at least alkaline geology) rheophytic aroids are known. Two of these, Bucephalandra bogneri S.Y. Wong & P.C.Boyce, restricted to travertine streams where it is frequently found with the creeping and rooting stems coated with a layer of deposited calcite (Boyce & Wong, 2013b) . It is the only Ooia species yet found that does not produce plantlets from its roots.
By contrast to the above series of examples of species restricted to particular geology, it is striking that Rhaphidophora beccari, R. typha, the aforementioned Phymatarum borneense, Ooia havilandii, and Schismatoglottis ahmadii A.Hay are the most wide-ranging aroid rheophytes, and all occur on physically diverse alluvial mud and sand-banks with only S. ahmadii occasionally occurring on rocks, but highly unselective as to geology and, indeed, altitude (see below under v. Heterodox rheophytes). At Mulu, Phymatarum occurs almost to the exclusion of all other riverine aroids, competing with the equally aggressive Rhaphidophora typha, the latter gaining advantage when the banks become too steep for the Phymatarum to thrive and favour the flagellate shoots and the ability of regressing to the juvenile shingle stage that R. typha appears to employ to deal with adverse conditions. Ooia havilandii is almost exclusively associated with alluvial muddy sandbanks throughout the Rejang basin and is succeeded by O. secta S.Y.Wong & P.C.Boyce, a species preferring rocky riversides in the western part of the Rejang and in the Lupar basin.
Subcategories of rheophyte
Van Steenis (1981: 29 et seq., and somewhat modified 1987: 269) divided rheophytes into three main groups:
1. Hydrophytic rheophytesflaccid, permanently submerged aquatic herbs with usually floating, often strap-shaped, leaves. 2. Torrenticolous rheophytesplants with vegetative parts permanently submerged in turbulent water and producing fertile emerged aerial parts during which time submerged parts decay. 3. Rheophytic landplantsplants wholly or partially submerged only when rivers are in spate.
All obligate rheophytic aroids belong to the third group. Neotropical Jasarum G.S.Bunting (Bunting, 1975; Bogner, 1985) and the majority of Cryptocoryne Fisch. ex Wydler (see Othman et al., 2009 for an overview) fall largely into "Hydrophytic rheophytes", and for the purposes of this paper we are excluding them as obligate rheophytes, utilising the orthodoxy current in Araceae of referring to Jasarum and most Cryptocoryne as aquatics. On Borneo, while a few species of Cryptocoryne (e.g., C. ciliata Fisch. ex Schott and C. lingua Engl.) are helophytic, most species would be classified as "Hydrophytic rheophytes", although a few species such as C. auriculata Engl., and C. regina Wongso & Ipor might qualify as a subcategory of "Rheophytic landplants" although detailed observational data are lacking (but see Jacobsen, 1985, and Wongso et al., 2017) .
In contrast to Borneo, continental tropical Asia often has distinct dry and wet seasons, and a number of Cryptocoryne species become emergent during the dry period -e.g. the Mekong (Idei et al., 2017) , while the several varieties of the narrow leaved Cryptocoryne crispatula Engl., qualify as rheophytes, with some growing in rocky places along or within the river with these plants producing partly different leaf types: terete-bladed and typical foliage leaves dependent on whether submerged or emerged. In Sri Lanka there are several Cryptocoryne species which qualify as "Rheophytic landplants", e.g. C. beckettii Trimen, C. parva de Wit, and C. walkeri Schott from the central highlands, C. alba de Wit, C. bogneri Rataj, and C. thwaitesii Schott from the wet forests of the south west (Jacobsen, 1987) .
Van Steenis' category "Rheophytic landplants" not unexpectedly embraces a considerable range of adaptive combinations of morphology. Indeed, in many ways the group is a catch-all for species which do not fall into the other two much more tightly-defined groups, and as such utilising "Rheophytic landplants" in discussion of the aroids is unsatisfactory. This has lead us to defining subcategories of rheophytic adaptation based on morphological and ecological criteria.
Wong (2013), Wong & Boyce (2013) , and Low et al. (2016) presented comprehensive overviews of vegetative, floral, and fruit and seed dispersal adaptations favouring rheophytism in aroids. It is not our intention here to repeat these observations, but rather to single out examples that appear to favour particular subcategories of rheophytic aroids. Excluding facultative rheophytesspecies with rheophytic morphologies which do not necessarily habitually or even ever occur in the rheophytic ecological zone (examples of facultatively rheophytic Bornean aroids are Colobogynium tecturatum Schott, Schismatoglottis mayoana Bogner & M.Hotta, S. pudenda A.Hay, among numerous others)it is possible to discern five subcategories of rheophytes. Appendix 1 provides a complete list of Bornean obligate and facultative rheophytic aroid species, with the subcategory indicated, where known with some degree of confidence.
i. Steenisian rheophytes (Fig. 2, 3 ) Steenisian rheophytic aroids are those which are intermittently and for short periods inundated by fast-moving water and exposed to waterless conditions, but only very exceptionally are then for protracted periods totally inundated or totally exposed. Although published observations, by which we mean observations based on populations over multiple contiguous seasons, are non-existent, over the last 12 years our work has persuaded us that the majority of the Bornean rheophytic aroids are broadly Steenisian rheophytes, although given the diversity not unexpectedly there are subsets of species' adaptations to consider.
In the simplest form (we use the term 'simplest' intentionally in a non-scientific, i.e. 'untested' sense, and in no way intend this to mean that group of species is any less morphologically suited to the habitat than those that follow), species such as Schismatoglottis multiflora Ridl., most Rhynchopyle species etc., may be considered archetypal rheophytic aroids, with narrowly lanceolate to elliptic leaf blades carried on flexible petioles, a free-ligular sheath, short stems, and very extensive and clinging root systems, and nodding blooms.
One species, Schismatoglottis roseospatha Bogner, has been found to consistently occur in two distinct growth phases, the juveniles with submerged softtextured membranous leaf blades on short petioles forming dense patches with leaves floating in the current, and an emersed adult phase with thin but tough leaf blades on long petioles. The occurrence of different shape, texture, and arrangement of leaves in juvenile and adult rheophytes was noted by van Slooten (1928) who referred to such plants as paedorheophytes.
In the genus Bucephalandra exposure to regular violent spate can produce remarkable differences in vegetative appearance within a single population of a species, with the spate-subjected plants forming close-appressed mats of foliage while plants in the portions of the population not so subjected become much larger and lusher. Interestingly both morphs are capable of flowering, with the dwarfed plants and lush plants producing blooms proportionally in keeping with the plants' stature .
Duality of leaf shape is matched to a certain degree in Rhaphidophora beccarii and R. typha (and likely also R. fluminea but not yet observed) in that juvenile plants have a shingling habit with the leaf blades closely-space and often with the distal portion of the preceding leaf blade obscuring the base of the newer leaf. Since the nonrheophytic species to which these three Rhaphidophora are most closely similar (and thus most likely related) are also shingling as juveniles it is perhaps unlikely that the shingling habit of the rheophytic species was a homoplasious adaptive event favouring rheophytism.
A distinctive subset of species are noteworthy for very narrowly linear to remarkably filiform leaf blades on very short petioles and seemingly adapted to growing in locations with extremely active and violent flood spates wherein the flexible filiform leaf blades provide a marked advantage. To date we have identified three species with this morphology: Aridarum montanum Ridl., Bucephalandra filiformis S.Y.Wong & P.C.Boyce, and Fenestratarum culum P.C.Boyce & S.Y.Wong.
Three genera, Phymatarum, Gosong S.Y.Wong & P.C.Boyce and Schottariella (Fig. 4) appear to have become specialists in colonising consolidated sand and bud banks, or shingle spits, by means of deep-reaching stout tap-roots; Phymatarum further has extensive creeping-decumbent stems by which it can dominate entire stretches of river bank.
ii. Xerorheophytes (Fig. 5 ) Xerorheophytes are species equally as well adapted to drought and heat as they are to sudden turbulent water. Plants of this category usually occur on bare rock, frequently in sites exposed to full sun for all of part of the day and can withstand extended periods without water flow. The plants are notable for their thickened, leathery, or succulent stiff leaf blades and proportionately very extensive root systems. Xerorheophytes include Aridarum incavatum H.Okada & Y.Mori, Bakoa lucens, Burttianthus velutandrus, Heteroaridarum crassum and Piptospatha insignis. iii. Extreme rheophytes (Fig. 6, 7 ) Extreme rheophytes are species, often with pendulous leaf blades, adapted to almost constant water flow around and over the plants, with the blooms either hanging beneath the foliage, which then functions as an umbrella, or even more remarkably held above the flow on an ascending peduncle. iv. Vegetative rheophytes (Fig. 8) The foregoing three subcategories are based on the plant's ability to adapt to an exacting set of conditions within the rheophytic niche. We deliberately excluded from consideration the sexual reproductive attributes of the species, not to imply that the adaptation to the subcategory is reproduction-independentthat would be patently absurdbut rather that the holism of the individual species fits the environment to which it is best-suited, and in the case of the xerorheophytes to which it is absolutely restricted. In any case in most instances our understanding of reproduction remains far too patchy to be confident to use it in defining ecological subgroups. The criteria for defining Vegetative rheophytes are, however, somewhat different in that they display clear asexual reproductive adaptations which field-observations support as being very highly advantageous. All species of Ooia except O. manduensis, and all species of Gamogyne and Hottarum Bogner & Nicolson produce copious plantlets from the exposed roots and by this means often dominate the area in which they occur. Species of Ooia have comparatively massive roots with an unusual gel cap covering the active root tip and extending one or two cm backwards along the root. The cap appears to function to maintain root-tip moisture in much the same manner as does the root cap occurring at the tip of the long, often free-hanging feeder roots, produced by species of Monstereae. Most Ooia species (but see iii. Extreme rheophytes above) have infructescences pendulous by means of a drooping peduncle, with the fruits enclosed inside a broadly fusiform persistent spathe with a somewhat restricted terminal entrance, and with turbulence-dispersed seeds (Wong & Boyce, 2016b) . Gamogyne bella (S.Y.Wong & P.C. Boyce) S.Y.Wong & P.C.Boyce is an additional oddity by occurring solely on consolidated mud in slow moving streams where it forms extensive carpets that are inundated by to up to one meter turbid water for up to two weeks at a time in the wet season (Wong & Boyce, 2016c) . A similar situation is found in Philippines Schismatoglottis prietoi P.C. Boyce et al. in which the carpets are formed by extensive slender stolons . Several obligate rheophytic v. Heterodox rheophytes (Fig. 9 ) One obligate rheophyte, Schismatoglottis ahmadii has every appearance of having have adapted to the ecology with, aside some toughening of the leaf blades and strengthening of the root system discernible in individuals in more exposed situations, almost no outwardly obvious vegetative alterations so typical of rheophytic Schismatoglottideae, such as largely free ligular sheathes (Wong, 2013) , and by producing blooms and fruits that have no discernible functional difference to that of the mesophytic species group to which it is alliedthe Calyptrata clade Hoe et al., 2018 
Conclusions
With the genus Cryptocoryne, treated as rheophytic by van Steenis (1981, 1987) , but treated here as aquatic or helophytic on Borneo with the qualifications noted above excluded all known aroid rheophytes on Borneo (and elsewhere as far as is known) belong to van Steenis's "Rheophytic landplants" group, a highly heterogeneous collection which blurs highly distinctive morphological and ecological differences in the aroids. Subdividing the aroids into five subcategories of rheophyte is a useful first step towards demarcating groups of taxa for more focused study, in particular the stilldiverse Steenisian rheophytes wherein there are probable further subcategories that could be separated out with improved understanding. None of our newly proposed subcategories are intended as definitive. Rather they are aimed at promoting field observations by better enabling descriptive analyses much in the same manner as does Hallé et al. (1978) for trees, and at defining manageable sets of taxa to promote more detailed study of species occurring in a particular rheophytic niche. The Xerorheophytes in particular cry-out for an in-depth study on how they succeed with what is unquestionably one of the most ill-favoured habitats in the humid tropics. Bogner, Aqua Pl. 1988 : 96 (1988 . i 
